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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric 
ceramic composition for a multilayer piezoelectric 
element which is suitable for the production of a 
multilayer piezoelectric element using an internal 
electrode having an Ag/Pd ratio of 7/3 or higher in a 
two-component PZT (lead-zirconium-titanate) 

piezoelectric device in which at least one selected from 



SOLUTION: The piezoelectric ceramic composition for a 
multilayer piezoelectric element is expressed by the 
composition in the compositional formula of 
Pb z[(TixZri_ x )i_yM y ]0 3 (wherein, M is at least one 
selected from Nb, Sb and W). In the compositional 
formula, (x) and (y) satisfy 0.45^x^0.52 and 
0.005^y^0.03, and the content of Pb is reduced from 
the stoichiometric composition so that (z) in the 
compositional formula satisfies 0.95^z^0.998. 
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(57) imm 

[SIM] PZTOT i , Z riM HCNb. Sb v W 
t*SVVt» Ag/PdJt# s 7/3tJLLOP^TO£ffl^ 

SPb, C (Ti, Z ri ., ) M y ] 0 3 (££* 

L, Mi±Nb, Sb, wcr>o-h'J>-%:< biilM) 

X'3kiitl&„ ^cofflflfafrt^x. y(i, 0. 45SxS 
0. 52. 0. 0 0 5SyS0. 0 3T'S>9. * 
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[ff^IIl] *!fi!uS;Pb z C(Ti s Zr,., ) w 
M y ] 0 3 (fzfzt. MJiNb. Sb, W<7)9V>=5r< 

tulSffljt^Ox. yJ20. 45SxS0. 5 2. 0. 
0 0 5 5 y S 0 . 0 3 TS> 0 , **0 mieffl^^W z # 
0. 95rSz^0. 998£:&£ ia^Pb^b^Jlift 

[ff*II2] fMSPb z [(Ti.Zrn ),., 
M y ] 0 3 (££fU MiiNb, Sb. W<7>0 i?'J?%:< 

mBHffcSfOx. yj±0. 45gxS0. 5 2. 0. 
0 0 5 £ y £ 0 . 0 3 T£> 0 , ^tiff BfflJfc^cD z ifi 
0. 98-ySzSO. 9 9 8-y 1 dlCP b 

[ft«II3] Pb-#^StD5. 5mol%JilT^C 
a. Sr. Ba<7)3*)'>t< tt l»Cfc OflHUUfc,. 
»£& 1 *Jt«±»**2tlE«coWilffi**-?fflffi«m 

[||*II4 ] 1 Llf*II3 CO^-ftLtHZii 

tj J: tf«ffiffi««»fc»)«s tih w&mzists. mm 

[|f^IB5] ffljS^Pb, [ (Ti, Zr 1 . I ) i_ y 
M y ] 0 3 (fcfcfU MiiNb. Sb. W»o^< 
till) cOllltT'^Sn, mtEfflljfciS^cOx, y«S 
0. 45^x^0. 52, 0. 00 5gyg0. 0 3T" 

#>0.. TtufEffltfcS^COz^O. 9 5^zg0. 9 
9 8t&SJ:o£Pb£fl^*flr*l|£J; 9«tfc«e£E 

ffl j±SS^fflfiSc«> S> & 5 J±«£S t flfiEEEttflt 

mx'fo->x, miEMm&& kt/mmfflnm* 1 1 o 

[!t*I|6] *&(fo£Pb 2 C(Ti s Zr H ) j- y 
M y ] 0 3 ( fcfz L , MiiNb, Sb, W(7)3^^r< 
fcfcll) cO#lfi!cT-*$tL, MKffll&S^CDx, yii 
0. 45£x£0. 52, 0. 00 5SyS0. 0 3T" 
feO, **o, BfrfBffi^tfi«z^O. 98-y^zg 
0. 9 9 8-yfc«r4±5fcPbi'f^JHftHtRJ: 9?$ 
t fc«*£E«^fflE«aEKIlj£^ ^^c-S> i: 

St 1 1 0 OT^TtSWHfr*-*. SW£EMFf<OlBft 
VvfPb 5. 5m o 1 %HHCa, S r . B 



[0001] 

fcitfWiJEMiaKcHU Wfcfci: ;t{£«Jf J±«T? 
[0002] 

JEfl:^- , JEW* vtf^r fc' #35 S . d co «t 5 tcEmm 

*»s>*tt:v**. 4^. -co J: d %&mm%sfflMmz 

JE«S^***i|H#o«;iA,*f "J7a -'FtSM^-tS f 

2 0 o*ossoisiacs <3 ?fiT t , awe* summit 

co^-ft & itiWWJ -t Sit^tl^. 4 tz . # (c JEE* 

^ * >^ t'cotnaJK-fe ttJ , Jfa'J -?SJ£# S 

M^nvlMft (OT rpzTj fcE^) ^ffittsmi 
figftcOTi, Zrf^CNb, Sb,W<?30* > 4.-^< 

tCjIlXT. PbtjfCCa, Sr, Ba^<ti, 

i«^aj*-rs¥Si>fflv^fLTv^. ^<7)j;d^-2)S 

MPZT coj±«?l^ffiitfe«^j at, WHHF 5-3 
1 9 9 2 5^C(JPbt>f NCS r^ffiL. Ti. Z 

^ . N b . Sb, WtJlIi. , Cr, Mn, Ms, Niii 

p z t t ib« LT , SMffiffi^^^'ffi^ ^ znfflmkto 

[0003] 

i^^i^F^J^-ftWRff*** 0 , tff 4 t < &l 
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As ■ P dWBifi— IBffllzm^blVZtS')* Ag • Pd 

nm<v a s / p d jt j ±«s 3 * b *>>»53&» 7 / 3 ja± 
m&z^ALx. mmsmm^comm&mz 1 1 o o°c 

f 5-3 1 992 .fco&EWKS 
liMM^** 1 * 1 2 5 (TOSS i; a< . A g/P dJt^'7 

/ 3 KUxnpmmm *m\m wss^m^fm^ mm 

[0 0 04] ZtiVPtlz^ Zco%ffl(7)±tz&BW}li. P 
ZTWTi, Zrf>f btNb, Sb, W<7) 3 *>4»-^r < 

fcfci«^aratLfc2^pzT£E«aM»tc4jv» , c» a 

g/P dlfc3&*7/3£LhWrt9imstffl^«Hi£E« 
[00 0 5] 

nm?m£.mmM&m± , aafce Pb, c < t i x z 

r lM ) !_ y M y ] O s (fzfzL. MliNb, Sb, W 

cootb^<ti, is) mmxm^ti. zcom.®.^ 

Ox, yliO. 451x^0. 52. 0. 00 5^y^ 
0. 03T"#>>5. -e^ffi^ffKTJz^O. 9 5S 

zSO. 9 98t«r4J:afcPb*flS¥tJHi3HtK±0a 

s£Pb z C (Ti, Zr,., ) M y ] 0 3 
U MliNb, Sb, W<7)5^-^r< h i IS) Offlfifc 
"C^t^iX, ^-Offi^tf^x, ytiO. 4 5SxS0. 
52. 0. 005gyg0. 0 3 X"$> K> . -fCOffl 
SKifn7)zA>"0. 98-ySzSO. 998-yi;^5 
i a lc p b £^*§&ffljjU 0 8 tfc, «^J±«*^ffl 

mE.mm.mmmzn. p b i^ao 5 . 5 m o 1 %ia 

T£Ca. Sr. B aC05 *>iKK b 1 St J: 

moat* ExmmzwMzti&rt&nmtz&ts. mm 

MliJIKPb, C (Ti, Zr,., ) j_ y M y ] 
0 3 (WiL. MliNb. S b, W<J0a -h'JrZcK b i> 1 
8) WMtSSft, ^OMr^Ox. y|±0. 45 
gx^O. 52. 0. 005^y^0. 0 3 9 , 3&> 
o. ^OfflfjSu^Oz^'O . 95£z£0. 998fc£r 



EMrngsts xvft&mm* 1 1 o o*cjaTCftsafrr 
frfr&mmi±mm=FcDmm3im±. m.f^Pb z c (t 

i x Z r,., ) !_ y M y ] 0 3 (fzfzt. MliNb, S 

b , w«^^< ttii) cvm&vmzti. ^-cOffl 

fiSj^Ox. y{i0. 4 5=SxrS0. 52. 0. 005 
SyiO. 0 3T*>9. f(*S+^zi«0 . 

98-ygz<0. 9 9 8-y fc^rSi^^Pb^^ 
MlftffllSJ: 0Mt/i«JiJ±«*^fflJ±««tilD3icf^t 

mmE.wm?cr>wm%mx*$>^x , E«atstij:tpp , 9g5 

«fi£ 1 1 0 O"C0.TT'*Mfe-tS. WJlEm»^<7)» 

ffitii . mnsmm^ mB9m&mLmiz& wpb^ 

*i<J0 5. 5mol%WT*Ca, Sr. BacOd^ 

gp*stc«Ms^£ffi^*at^*tf, «gj±*saT- 

£>£„ 

[0006] i<^|^(=A>56»4**£EMfFffl£EWHI 
ffl^ftli. PZTOT i . Z r-tf-Y htCNb , Sb, W 
CO 3 <ti> 1 tfe 2^*P Z TE«SBES 

(ctiV^T. Pb*^«t£-i;Cci 0, 1 100*CHT 
T-coMJS^^fgKL. Ag/P dJfcfi*7/3J2lLeoi<J» 
•K*fflV^fc«W£E«3lfF-*»* £ t j&^CS £ . 
«(Cj&>*> £ ft* J±«*T=-fflJ±«a^ffl^^ «■ ffl v iTffiR 

. «aj±«-fe >-tf^ tcrmm&mmmzm lx^ 
1 1 0 o o caTT-«Bg"Ti§t^sasi±. iw&bkce 

tfecOidtPb-^-Y M<Tii + Z ri+Ml (M{± 
Nb. Sb. Wcoo-h^Kbh IS) t-T£-rhtci 
0 , $ £93 L < (iff 2 (clBttco i 3 P b *M 
hKTil+ZriitSittiO, Pb^r^tfM 
ffl^lWMAWJ Ztihtzih b hti £ . z^t^ 
{f , P b t M*^^r£^^ nTfflS: JgttfiPfe 
LTU£t, RJ£. »IfT*aSL, EMd 

fc rtaSffifficofflS^ffl t i £ rtgB*ffico-fe 7S-y?4"\ 
Ofii;t5t^ffl$IJ§#l£/;toi;#X.^n£„ fckitf, 4V 

Toi>oi>$>o. -e#t^toi*jgpfl:ffirHitci . 0—1. 5 
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[0007] ;oiH|o±a«iw, -esoffijcoBa^ ^ 

[0008] 

[mmcommmm: (mmm) t-r. mmm^bt 

X. Pb 3 0 4 , Ti0 2 , Zr0 2 , Nb 2 0 5 , S 
b 2 0 3 „ WO s „ CaC0 3 , S r C O a &<tV'Ba 



C (Ti„ Zrj., ) M y ] 0 3 CO&U&TSlS^ 
1 C^Kf fflf&K&S i 3 CfflL, ifitC*S:jD^T . 

fUKti. fflJfc£Pb z ( (Ti, Zr,., ),_ ? 
M y ] 0 3 t£cDx. y, zcO&ffi, MCDtu*. Pb7CfB 
*WILfc7aR*S J: VP b fcffltLfcMfciS-*-. 

[0009] 

[^1 ] 



♦Enlist* 








z 


X 




y 


Phi* 4ft. 


ft(mol%) 


(°C) 


1* 


t 


0.48 


Nb 


0.02 


4:L 




1080 


2 


0.998 


0.48 


Nb 


0.02 






1080 ( 


3 


0.995 


0.48 


Nb 


0.02 






1080 


4 


0.978 


0.48 


Nb 


0.02 






1080 


5 ! 


0.975 


0.48 


Nb 


0.02 






1080 


6 


0.97 


048 


Nb 


0.02 







1080 


7 


0.96 


048 


Nb 


0.02 


-a- 




1080 


8 


0.95 


0.48 


Nb 


0.02 






1080 


9* 


0.94 


0.48 


Nb 


0.02 






1080 


10* 


0.98 


0.48 


£L 




fcL 




1080 


11 


0.985 


0.48 


Nb 


0.005 


fcL 




1080 


12 


0.97 


0.48 


Nb 


0.0198 






1080 


i 13 


0.97 


0.48 


Nb 


0.0210 


fcL 




1080 


14 


0.96 


0.48 


Nb 


0.03 


£L 




1080 


15* 


0.95 


0.48 


Nb 


0.04 


fcL 




1080 


16 


0.97 


0.48 


Sb 


0.02 


£L 




1080 


i 17 


0.97 


0.48 


W 


0.02 


fcL 




1080 


18 


0.97 


0.48 


Nb 


0.02 


Sr 


2.0 


1080 


19 


0.97 


0.48 


Nb 


0.02 


Sr 


5.5 


1080 


20* 


0.97 


0.48 


Nb 


( 0.02 


Sr 


7.0 


1080 


21 


0.97 


0.48 


Nb 


0.02 


Ca 


2.0 


1080 i 


i 22 


0.97 


0.48 


Nb 


0.02 


Ba 


2.0 


1080 


23* 


0.97 


0.44 


Nb 


0.02 






1080 


24 


0.97 


0.45 


Nb 


0.02 


-fr 




1080 


25 


0.97 


0.46 


Nb 


0.02 






1080 


26 


0.97 


0.47 


Nb 


0.02 


? L 




1080 


27 


0.97 


0.475 


Nb 


0.02 


fcL 




1080 


i 23 


0.97 


0.49 


Nb 


0.02 


£L 




1080 


29 


0.97 


0.52 


Nb 


0.02 


£L 




1080 


30* 


0.97 


0.53 


Nb 


0.02 


fcL 




1080 


31 


0.97 


0.48 


Nb 


0.02 


&L 




1100 


32 


0.97 


0.48 


Nb 


0.02 


&L 




1050 


33 


0.97 


0.48 


Nb 


0.02 


EL 




1000 



[0010]flt, »&*l.fcS£Wfc8aiU 8 0 0 
-1 0 0 0°ODiSjKT«LT. flSiJH&fcttfc. 

vmmi nut &&&& u is - b mi * n 

fc. £fimM«-!MXfcf7ft^rt:f&, Ag/Pd = 7 
/3«Ag ■ Pdti^-Xb^L, 2 0/Wt^M 

tefz&. zvmmtk* 1 o o o 

- 1 1 0 0 °C^Sffif'J&l& L . 1 JftO-b: 5i7? ^>;?^ 
**2 0-4 0jum-C**WIJBEWPt»3t. -T^SES 

1. 5 — 3. 5 k V/mmf)S^«IJff-3/c. 
[OOlllJJCfc, -0«JlJ±««^£7)ifc!^«* ( e 33 

im (k 31 ) *s«fctfE«d 31 5gH: ( r | d 81 I tn j t 

9m) . i. 5kv/mmEPinn6ifT^»J: "mffiL 



fcffildjjSI ( r I d 31 I (2) j fcfB£) , HMft 
* (p) , *a.y-jl* (Tc) , 'J7n-f (t°-? 

?S^: 2 6 0°C) 2IHjffitt(Zj:£ I d 8I I d> OffiT 
I d 31 I (2) / ( e88 i / Co ) , d 31 
a) CO- 2 0°C~~ 8 0"Cfc±3(tS?fl^-ffc*^ai^L 

fc. ^*SS2r^2i5j:^3t^ <> =5nB, tt«j£tn; 

. 0 X 1 0 n Q ■ cm*l«af4l:ontll *e 

T I d 31 I (i) <ajM3£ffc?«3J:tf I d 31 I (2) 
LTtv&H. m^ffiSt*(±l . 0X10 n Q-c 

raVA±Xhtt\mg a t *x ff 4 L < ii 2 . OX 

1 O 11 ^ • cmULL^ t<(43. OXl 0 11 

£2 ■ c m£LhT* •Sit tmt L V\ 
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k 31 

{%) 


I d ai | C1) 

(pC/N) 


I d ai I C2) 
(pC/N) 


P 

(Xl0 11 O-cm) 


Tc 

CO 


U7P — l-cfc£> 

1 d 3 i 1 ™ 


Id 31 | < 2) /(£ 33 T /£ 0 ) 


I d 31 | C1) 
<ppm/°C) 


1* 


1225 


19.5 


78 


— 


0.75 


360 


10.2 


— 


— 


2 


1901 


37.2 


193 


240 


1.08 


360 


9,1 


0.126 


725 


3 


1S96 


37.2 


192 


239 


125 


360 


8.8 


0.126 


720 


4 


1S45 


36.9 


191 


238 


3.24 


360 


9.9 


0.129 


610 


5 


1338 


36.6 


189 


229 


4.70 


360 


9.5 


0.T25 


450 


6 


1851 


36.1 


181 


226 


4.1 1 


360 


10.2 


0.122 


468 


7 


1829 


34.9 


177 


220 


3.32 


360 


106 


0.120 


592 


8 


1811 


33.4 


170 


211 


114 


360 


11.1 


0.117 


701 


9* 


1519 


28.9 


125 




0.88 


360 


8.9 






10* 


841 


20.5 


67 




0.24 


370 


2.5 






11 


1645 


35.8 


167 


191 


2.05 


370 


5.8 


0.116 


732 


12 


1851 


36.8 


191 


236 


4.72 


360 


9.1 


0.127 


444 


13 


1880 


37.0 


193 


239 


4.66 


360 


9.5 


0.128 


462 


14 


1611 


34.0 


157 


1S6 


2.19 


350 


11.8 


0.122 


718 ! 


15* 


1255 


30.6 


122 


148 


0.84 


340 


21.3 


0.118 


555 


ie 


1789 


36.6 


178 


199 


3.03 


340 


9.5 


0.111 


462 


17 


1758 


36.3 


175 


196 


3.18 


350 


10.2 


0.111 


485 


18 


1926 


36.4 


190 


229 


4.8B 


335 


13.4 


0.119 


552 


19 


2002 


36.1 


192 


231 


4.96 


300 


14.9 


0.115 


677 


20* 


1259 


29.2 


119 




0.95 


270 


22.8 
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e 33 T /e 0 


(%) 


id 31 r> 

(pC/N) 


1 d 31 | CE) 
(pC/N) 


P 


Tc 

ro 


I d ai 1 !13 


ld 3n | ! V{£ M Vf 0 ) 


(ppm/^C) 


21 


1773 


36.3 


175 


191 


3.14 


340 


14,2 


0.108 


658 


22 


1758 


36.3 


174 


196 


3.05 


340 


14.8 


0.111 


691 


23* 


588 


29.2 


78 


103 


2.44 


340 


0.5 


0.175 


1482 


24 


828 


32.1 


108 


142 


3.00 


345 


12 


0.171 


1339 


25 


1028 


33.8 


130 


175 


3.09 


350 


1.8 


0.170 


1255 


26 


1453 


38.0 


169 


238 


4.08 


360 


3.9 


0.164 


1169 


27 


1671 


38.5 


190 


251 


4.57 


365 


6.2 


0.150 


780 


26 


1651 


33.8 


161 


203 


5,11 


370 


13.5 


0.123 


324 


29 


1288 


26.8 


108 


129 


6.02 


385 


14.7 


0.100 


293 


30* 


1210 


26.1 


99 


120 


6.15 


390 


15.1 


0.099 


2S8 


31 


1857 


36.8 


192 


241 


5.01 


360 


9.9 


0.130 


492 


32 


1816 


35.8 


178 


223 


4.49 


360 


9.6 


0.123 


485 


33 


1705 


34.2 


164 


212 


4.13 


360 


9.2 


0.124 


467 


34* 


1480 


29.1 


125 




0.26 


290 


3.5 






35* 


3620 


38.2 


273 


351 


1.16 


190 


100 


0.097 


1218 


36* 


1180 


28.1 


96 




m 


270 


9.1 






37* 


1420 


26.6 


115 






320 


21.1 
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^4 tern 
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n 

CO 




PbtCCr-./gNb^^o 10 Ti 0 45 Zr Q 45 }0 3 


11G0 


35* 


Pb{(Ni 1/3 Nb 2/3 ) a 40 Ti 0 . 36 Zr a 24IO3 


j 1100 


36* 


Pb[(Mni/ 3 Nb 2 ^ 3 )o. q 5 T'iq. 47^0. 4SIO3 


1100 


37* 


Pbt(Mg 1/3 Nb 2/ 3) 0 . 10 Ti 0 . 45 Zr a 4S \0 3 


1100 



[0016]^, *i— i4i;ti^?, m-mmz* 

W£HLXjbZ>i>cr>l l ±. *BMW<Dmm9l-CDi>c7)Xfc 

[0 0 1 7] MWlf-f-l^l 3 tz*i'0 . 998^i 
St)», &J;VK«#^3 4»j;3£3)£^PZT-t' 
14, nnMn^ptn . OxlO'iQ' cm*ii;* 

[ 0 0 1 8] Wf\^9CO£ olZztfO . 9 5*}ScOi 
CO, 5 <7) j: 0 l/ZT i , Z r *TA Yam (M{4 

Nb, Sb, WCDdib^K ti> IS) fci&M&My 

BMi^'Pb-g-WM^tT 5. 5mo 1 %£MiL&h 
(D, So£X/mmn3 7cr>£ d=5r3lt^PZT-ri4. 



1 1 0 o'caTxn+^zjmL^^fzib. mmmm 

pifil. 0 X 1 0 n Q • cm&mt^'O. tJt L<& 

[0019] MffS-tl 0cr><kolZT i , Z r-*M hCO 
IMy^O. 0 0 5*»|eO«>0K Sm#"f-2 3. 3 0 
cOidtCT i/Z rtt&&tx&0. 4 5£x£0. 5 
2£>I6HJH:2&*«><^ fcJ:tAW4#^-3 6c7)J;o=&3 
^MPZTtll I d 81 I *4 0 0pC/N*)| 

[0020] KH##3 5cD<fcd&3)£#^PZTT- 
54. 'J -*SJK#3 0 0°C*mXfo 0 . SSfett^lK 

[oo2i] UJLhj; osatwctjv^r, *s^osbsh 
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rttts »hm.ms.mM=F-ms.mm.^mm it m\ ^x \m 
L^aaj±««^«±, nssas&ftpw 1 . o x 1 o 1 1 n 

■ cmt(itS< l I d 31 I (i) **1 OOpC/NJSLh 
i:*#<. ^jLiJ~fiITc*S30 0rJ3LhfcS 
<. a^y^n-tcfc* I d 81 I tn fT)|TW2 0% 

[0 0 2 2] L<i4, MWS-f-2 4, 2 5, 26J 
HK SMMfcOtBRtf) «fc 3 *C, Ti/Zr J:L$r*-f-x/ji 
0. 4751x^0. 5 2c7D|ffiHftfc&&i<7){3:, Id 
31 I (1) Sfl3EflflW8 0 0 p p m/CJaTfc'hS < » 

[0 0 2 3] L< (4. §iffl#^2 4. 2 5, 

2 6. 2 7COim« t t3t, T i/Z rjfc***-xj&* 
0. 45^x^0. 4 7 5«(gHF*Kc£>££>?)(4. ©V^ 

1 d 31 | (2) i:Jt«WffiV^e 33 i /e„ ZW&LXti 

f#£>tu #ANcfir»-cfc4. sawm±w^i d 31 1 

< ! '»^ 33 i /e 0 0>8MkLX I d 31 I t» / 
( e 33 T /e„ ) SrfflWCi^. M»^2 4, 2 5. 

2 6. 2 I d 31 I t!) / ( e33 T / C( ) Jio ■ 1 
5X1 0" 12 liLLfc^V^ 

[ 0 0 2 4 ] Srfc, ,TiOSBHHC^S»«£E*Sf?fflE 

mm^mmm±m^mmm^mmzm^tii t> cox 

[0 0 2 5] miliZ^B^zfrfr&i/s -y^-tyy-co 

-Mi^-tftmfmmx-fo <o. h 2 « 3 

•9-^ffll^fi^»aJ±««^^^t-H»HT"*Se HI 

o. 

[00 26] «SJ±m*^- 1 2 li, 2 Jg<7)£E«fflES« 1 
4afcj;y:'14b^^-tf„ ' ft <0£E«»»JB 1 4 a ti 

tih. Afc. Zti^coSMM^Ml 4 afcitfl 4 b 
fafro T J»W5rift| tiJ-S $ ft . WWeoSWiaWhWS i ^t- 
[00 27] 2;f<Dj±1^sJil 4 a&4:?/l 4 bcO^ 

fflrtrOJf-aWK 1 8 b #'ffM£ix& . 

[oo2s] mmsmm? 12a. 2 0 

ilSo ^— X2 0(4. 3?t<?)20«(ft-X2 2aJJ 
j;V'2 2 bfc-fttf. WKEMFF 1 2<OMffig|3(4. 2^ 



cO^^r-X 2 2 ai3 it/ 2 2 bOM3ggPt*^^S? 
ft&„ «JU±ffi«^ 1 2fciV't^-X2 2 a. 2 2b 
OiTHl ±^-.X2 4i>i:t/T^-X2 6 
tih. ±t-x2 4fe±D ; Tt-x2 6(:li, USE* 
1^1 2<W»:#je«-£SKHc. «@J±«*^l 2 

comm^m t%&<\z aau^BA $ *ve ^ & . 

[0029] 4>^— X2 2aiJ t fct*2 2b<9fJffi{£ti,. 
^«2 8afc±t*'2 8b£ s -eft^ffM£fL-g>« — 
^Sg^l:a2 8 a(±— ^OHWMSl 8 atSI? 

it. ««Sftl 2 8b {iflfi^r^hSRaffi 1 8 b fc» 
[0030] H3lii<0«Wt:!&»3&»4WiE«r^-(?3 

iz^k-tmms.my^- 3011 *jbe**?- 32^ 

tr. 

[003 1 ] fltlffSVRT 3 2(4, 2 jfOEmESSJi 3 
4a*S«fctf 34b£-&tf„ ,l;f-l.£><7)J±*^§J§3 4 afc 
4 V' 3 4 b (4. JJjB«iiOS6BBt3&»3&»4atJi£0WT'ffl 
ffi«EB«fflJ£i»a» & *) , SHI S *t**o-flc 
ix-^o l I^X^(3 r )J±fl:m§ffJ13 4 afc4V3 4 b 

{4, 04^E|rcSrf iot;, J¥^ST&I^o|B|t^ri6] 

[0032] 2JlfDjEflM^Jl3 4aJoJ:t>*3 4 bcora 

3 6^?fm$^-?»o ±3t. 2m(r>SMm^m3 4aax 

V3 4 b^-SiIW4. — *<0iWWflS3 8 a^'JFMS 
W„ ^(7)?h^«ffi3 8 a(4. ^mmm3 6 t^SM^iX 
HZ. EXBt&M3 4 aio4V3 4 bcoimcvi&co 

Mtttzit . mijco^mm 38b jwpjss n s . 

[0033] «J1E»*^ 3 2(4. ^-X4 OtffiftS 

ix- S>„ ^-X4 0(4. ?M<50^-X*#:4 2 Sr#tf . W 
®i±m*^3 2(4. "r-X^fo4 2ftiZAtie>tl{m£ 
tL&. Hz. ^--x*#4 2l:(i, «R<«4 4j6*iaJt 

[0034] M4 40^Itli, S^fl:S4 6 afc j;t>" 

4 6 b&*tL?tlBtfLZh.h. -Hcr>^nM4 6 a (4 
— ^^SR«ffi3 8aCftg§il. m^cn^nMA 6 
b (4fl!l*-<7)^hgE«ffi 3 8b izmm Ztlh* 

[003 5] m5l±z\cr)WMtzfyfy&mME.mT7J-x. 

x- ^co— M*7Fr?wimc$>&. m5iz^~tmmj±m 

T^^iX-^5 0i4. »JfJ±«* J ?5 2^Atfo 

[0036] mmi±mm^ 5 2 (4 . ^a^j±«^g 5 

4^-grtf. ifl^«J±m^i!5 4(4. ±a5C7)i«56HJ 

iziw&nm)±9m?mEW&fflmm>t>%*). mm 

J15 4(4. ff^|6jt3&*olJit3^t:ai(0^r|ftI^fiE§ 
[0037] .Ift&WffiEHSSJB 5 4 Offl(C(4. rtSU* 

i5 6wnmM§iii. 0 ;<o*&. iJii>&coi*i 
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mmm 5 6 immsmm? 5 2 e> 3 1 s a $ 

ft. fi!io^«ffi5 6#'«JiJ±««^ 5 2«fl6Sii^ 

[0038] SWEEPS? 5 2 O-S® J: VffiSf Hfc 
tt , KWmm 58a£J:tf58b WFM § ft 
S . — ^<7)?hgPmffi 5 8 a 12 1 Jf & # cVftfflmM 5 61Z 

mmzti. mjj<nf\$mm 5 s b (i^ftfpws 56t 
s^fts* 

[0 0 3 9] 3r£. ±a«^3 

1 0 . mmwrny^f- 3 0 a ± rfmssxr? -f-^x- 

ftl>„ 

[0040] 

[?mcr>®m Z<r>ffi9Uz£tU$. PZT<7)Ti. Zr 
iMhfcNb, Sb. W«a^M<itlS^l»L 
2K*PZ TffittffiSClfc V^T. Ag/Pd ifc£i 7 / 

ft&, io^H8t;^S«W£E«3R^fflffi««4&iaj£!H9 

li, 1 1 oox^Tt*t«»rfficfti)tft. $»Ag 

/ P d it* 5 7/3 J£LLtf>l*}«5iWi t ftBBSWCft 0 . 
Wlffit7?f aX-?(cMH4 ; i; K J: U , Mitt 



0 s **3WSRtt, <SJK?aK#-S«S»=5rJE* 
^■th^^ftS. 

[ 0 1 ] z cowmzfrfrz, ^ 3 >y?-k y-y-co— mz^t 

[02] 02t*fya 'y^^tfflV^ft&StJfJE 
[03 ] i<oafiBBto6»*»*aHI£E*^— iO— 
[04] H3fcSc*1!WJE«^if-tfflv^*i*«WJEE 

& ^-t mrnmx- 1> h . 

[05] Z cowmzfrfr&mmmWT cv- 

[^^HJ] 

10 ^3-/^-(r>-f 

12. 32. 52 HJ1J±«*^ 

14a, 14b. 34a. 34b. 54 J±Hffi£|Ji 

1 6. 36. 56 ftSPflS 

18a. 18b. 38a. 38b. 58a. 58b 91- 

2 0.40 ir—X 
2 2a. 2 2b 

2 4 ±^-X 
2 6 T^-X 

28a. 28b. 46a. 46b WFMM 

30 mmsmy-f- 

4 2 Ir—X^fa 
44 9 

50 mms±MT7^3L^-? 




[02] 
Kb 18b 22b 



32 



36a 



a? 



-28a 



14a 16 18a 22a 



[04] 
34b 



3Bb 



34a 36 
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